Abstract
Introduction

17
Pain in humans has been described as "an unpleasant sensory and emotional 18 experience with actual or potential tissue damage". It is reasonable to suppose that 19 animals experience pain in a similar way to humans because experimental work has 20 demonstrated that the neural pathways of pain sensation are similar in human and 21 other mammals. Application of the "precautionary principle" would also suggest that 22 this is the safest assumption unless strong experimental evidence proves otherwise. 23
Attitudes towards pain and its control in farm animals have lagged behind those in 24 companion animal species. However, a considerable amount of work in recent yearshas focussed on perception of pain in cattle by clinicians working with the species, 26 and on its subjective and objective assessment. 27
28
In a recent large-scale survey of cattle practitioners (Huxley and Whay 2006) , over 29 half of respondents felt that their knowledge of pain and analgesia in cattle was 30 inadequate or could be improved, and the majority of these identified a lack of readily 31 available information on the subject as a contributory factor. This article reviews 32 current knowledge on pain assessment in cattle in a clinical setting before discussing 33 methods to prevent and alleviate it. 34
35
The Physiology of Pain inflammatory mediators (e.g. prostaglandins, histamine and bradykinin), which 39 stimulate nociceptors in nearby nerve endings. This is an amplification process; a 40 stimulus affecting a relatively small number of nerve endings stimulates many more. 41
Impulses resulting from this stimulation are conducted via the ventrolateral part of the 42 spinal cord to the brainstem and thalamus. There is further amplification at this level 43 (centrally); this is known as "wind-up". Conscious perception of pain is a result of 44 activation of certain areas of the cerebral cortex (via the thalamus). Theoretically, pain 45 is a central "experience" that occurs as a result of nociception in peripheral nerves. 46
• Easily measurable indicators of physiological stress (e.g. increased heart rate, 94 increased pupil size, altered rate and depth of respiration, trembling) 95
• Bruxism (tooth grinding) 96
• Poor coat condition (e.g. rough, dusty or unkempt) caused by decreased grooming 97
As with all types of clinical examination, it is important to have a consistent approach 98 to pain assessment, and ensure that the same behavioural and physiological signs are 99 assessed in each animal. 100
101
It is important to remember that cattle are stoical by nature because, as a species, they 102 have been subject to a strong evolutionary pressure to mask pain and its implied 103 weakness from predators. As a result they often do not demonstrate appreciable 104 definite signs of pain until the stimulus is severe. Often, particularly in adult cattle, 105 unwillingness to move may be the predominant indicator. This means that the 106 precautionary principle should be applied, i.e. the clinician should err on the side of 107 treating or preventing pain, as the cost of unnecessary treatment is relatively less 108 severe than the cost of failing to manage animals that are suffering. 109
110
Barriers to Treatment
111
A survey by Huxley and Whay (2006) examined the reasons why practitioners tended 112 to under-use analgesia in cattle. Over 90% of respondents to the survey considered 113 that cattle benefited from analgesics as part of their treatment and that they recovered 114 faster if they were administered; however, two thirds of respondents considered that 115 the cost of analgesia was a major issue to their clients. Whilst the financial constraintsof the industry must always be considered, there are a number of reasons why they 117 need not always preclude effective analgesia: 118
• Many analgesic protocols (such as local anaesthetic techniques) are inexpensive to 119 perform. Local anaesthetic drugs are economical and volumes required are 120 generally low. Time spent in performing these techniques is also usually low, and 121 will decrease as the experience of the clinician grows. 122
• Financial benefits are often an unexpected outcome of analgesic treatment. 123
Increases in parameters such as growth rate after calf disbudding (Faulkner and 124
Weary 2000) and milk yield after lameness cases (O'Callaghan-Lowe and others 125 2004) have been reported after analgesic therapy was combined with standard 126 treatments. Whilst this increased performance may not cover the total cost of 127 analgesic treatment, in the majority of situations it will partially offset the cost. 128
• Prices of the most commonly used non-steroidal anti-inflammatory drugs 129 (NSAIDs) may fall in the future as more generic products become available. 130
131
Clinicians too often assume that farmers are unwilling to carry costs associated with 132 improvements to the welfare of their animals. In the case of many farm animal owners 133 (especially "hobby" farmers or owners of small herds), the client may be more 134 prepared to pay than the clinician realises. A recent survey of commercial UK cattle 135 farmers (with over 1,000 respondents) has demonstrated that for the majority of 136 owners the cost of analgesics remains a significant issue; however this was not true 137 for all respondents. When asked to state how much they would be prepared to pay for 138 analgesics during and following the treatment of a range of conditions and procedures, 139 the answers varied considerably. For all 13 conditions considered, a small minority of 140 respondents stated they would consider between £35 and £50 (the highest bracket) an 141 acceptable cost for analgesic treatment, but a more significant number were prepared 142 to meet a lower cost. 
Misconceptions about Analgesia and Cattle
160
A number of common misconceptions also emerged from the survey. These are 161 summarised and discussed below: 162
• Age of the animal: Young animals are often assumed to feel less pain than adults. 163
A good example of this is the lack of analgesia used in castrating calves and lambs 164 using rubber ring techniques. There is no evidence to show that young animals 165 perceive pain to a lesser extent than adults. In the authors' opinion, young animals 166 should be considered in exactly the same manner as adult animals. 167
• Pain restricts movement which may be potentially damaging to the animal's 168 condition: If movement is likely to be damaging to an animal's condition 169 appropriate analgesia should be provided and movement should be restricted by 170 penning the animal tightly, rather than relying on the animal's suffering. 171 Table 2 ). They also have anti-endotoxic 212 effects, which provide major benefits in terms of morbidity and mortality in some 213 disease states. Duration of activity is generally in the range 24-72 hours per dose. 214
Some products are licensed for repeated administration (up to a maximum of five 215 days of treatment), but have been used for longer periods with few reports of side-216 effects (although abomasal ulceration has been reported anecdotally). 217
• 2-agonists: These agents work by activation of 2-adrenoreceptors in the central 218 and peripheral autonomic nervous system. These have a negative effect on 219 sympathetic activity and release of noradrenaline, leading to sedation and 220 analgesia. They can provide deep sedation and effective analgesia for moderate 221 pain in cattle. As the sedative and analgesic effects of this class of drug go 222 together, they are more useful during some types of surgery and are not used for 223 provision of longer-term analgesia. Xylazine is the only licensed drug in this class. 224
• Opioids: Opioids are very potent analgesics, and are an important component of 225 multimodal analgesia protocols in other species. However, under current 226 legislation, no opioid agents are available for use in cattle. 227 228
Regional and Local Techniques
229
The main techniques for providing local analgesia are epidural analgesia, intravenous 230 regional anaesthesia and nerve blocks. 231
• Epidural analgesia: This technique involves injection of analgesic agents into the 232 epidural space, to provide desensitisation of nerves leaving the spinal cord. 233
Although outside the scope of this article, a full description of the technique, which 234 is quick and straightforward to perform in cattle, is provided by Holden (1998).
Low-volume (4-6ml of injectate for an adult bovine) epidural anaesthesia is most 236 commonly performed, providing anaesthesia of the genital tract, rectum and 237 perinaeal area and abolition of tenesmus. High volume (up to 100ml per adult 238 bovine) techniques are also described, and may be used to provide anaesthesia for 239 the entire abdomen. High volume techniques will involve loss of motor control to 240 the hindlimbs, so will result in the patient becoming recumbent. Local anaesthetic 241 is the most commonly used agent, but xylazine has also been extensively used. 
Pain in Specific Situations
280
Standing Flank Laporotomy in Adult Cattle
281
• Systemic NSAID before the start of surgery. 282
• Systemic xylazine could be used, but extreme care would be needed with dose to 283 ensure the animal does not become recumbent. May be useful to provide extra 284 short-term analgesia if a very painful procedure is anticipated. May be necessary in 285 very fractious patients. 286
• Paravertebral nerve blocks to provide effective anaesthesia of the flank area using 287 procaine. 288
• Epidural anaesthesia may be used in the case of a caesarean section, to abolish 289 tenesmus that may hinder surgery. 290 291
Castration and Disbudding of Calves
292
• Cornual nerve block using local anaesthetic (possibly in combination with low 293 dose perineural xylazine in some cases -although this use of xylazine is off-294 licence, the consequences of which would have to be explained to the owner). 295
• Local infiltration of local anaesthetic in the skin of the distal scrotum (surgical 296 castration) and over the neck of the scrotum to provide analgesia to the spermatic 297 cord (surgical and burdizzo castration). Injection of local anaesthetic into the testes 298 themselves may or may not be used. 299
• Where economically acceptable, pre-emptive use of NSAIDs is a desirable 300 addition to the protocol. Several researchers have found welfare benefits as a result 301 • Dystocia: NSAID use is relatively common following dystocia. It is worth 322 considering providing analgesia to the calf as well as the dam. 323
• Uveitis and keratoconjunctivitis: These are both relatively common ocular 324 conditions in cattle ("silage eye" and "New Forest eye"), and the underlying 325 pathology (uveitis and corneal ulceration respectively) is considered to produce 326 severe pain in humans and companion animals. As well as providing analgesia, 327
NSAIDs may increase speed of response to treatment by decreasing inflammation 328 conditions is currently difficult. This is largely due to licensing restrictions and cost. 544
Licensing of Veterinary Medicines
In the past, oral phenylbutazone has been used for this purpose, but use of 545 phenylbutazone in food producing species is now illegal. 546
547
The alternative approach is the use of repeated doses of injectable NSAID. This is off-548 licence beyond five days, although it could be justified under the cascade system (as 549 authorised NSAIDs all have established MRL values, the standard withdrawal periods 550 of seven days milk withdrawal and 28 days meat withdrawal would apply). The safety 551 of long-term NSAID treatment in farm animals has not been extensively researched, 552 although there were anecdotal reports of long term phenylbutazone use being well 553 tolerated. The major barrier to long-term use of parenteral NSAID is cost: ketoprofen 554 given daily would cost approximately £1.20 -£1.70/100kg/day, while meloxicam 555 given every three days would cost £0.57/100kg/day (at list price). This level of 556 expenditure may only be justified in a limited number of cases, so use of NSAIDs is 557 usually restricted to coverage of episodes of acute pain. Euthanasia should always be 558 seriously considered in cases where an animal is likely to experience long-term pain. 559 i/v = intravenous, i/m = intramuscular, s/c = subcutaneous n-l = not licensed for use in lactating cattle This is not a comprehensive list -it is restricted to those products listed in the NOAH data sheets compendium. Other NSAIDs for animal use are available. Drug costs are given at list price. Costs and dose rates are intended as guides only -the product datasheet should always be consulted before administering a medicine. The authors accept no liability for costs arising due to errors in this material. 
